JEurop3isches Patentamt 
European Patent Office 
Office europden des brevets 



Publication nunnber : 0 454 497 A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number : 91303839.4 
@ Date of filing : 26.04.91 



(g) inL ci.= : C08F 265/02, C08F 291/00. 
A61L 15/24. B01J 20/26. 
// (C08F265/02. 220:04). 
(C08F291/00. 220:04) 



@ Priority : 27.04.90 JP 110089/90 

@ Date of publication of application : 
30.10.91 Bulletin 91/44 



@ Designated Contracting States : 
DE FR GB 



@ Applicant : NIPPON SHOKUBAI KAGAKU 
KOGYO CO. LTD. 
1-1, Koraibashi, 4>chome 
Chuo-ku Osaka-shI Osaka-fu (JP) 



@ Inventor: Irie, Yoshio 
1453-1, Funatsu-cho 
Himeji-shi, Hyogo-ken (JP) 
Inventor: Kajikawa, Katsuhiro 
Kamoshataku 3-334, 786, Kamae, Shlkama-ku 
Himeji-shi, Hyogo-ken (JP) 
Inventor: Takahashi, HitoshI 
16-51, Otsu-cho, 1-chome, Otsu-ku 
Himeji-si, Hyogo-ken (JP) 
Inventor : Fujrwara , Teruakl 
10-137, Shibanosato 
Nagaokakyo-shi, Kyoto-fu (JP) 

@ Representative : Rees, David Christopher et al 
Kilburn & Strode 30 John Street 
London WC1N 2DD (GB) 



(g) Method for production of salt-resistant absorbent resin. 

@) A method for the production of a saJt-resistant absorbent resin, which comprises subjecting an 
aqueous solution of at least one monomer component (A) selected from the group consisting of 
unsaturated carboxylic acids and salts thereof to aqueous solution polymerization in the presence of 
from 1 to 30 parts by weight based on 100 parts by weight of said monomer component (A), of an 
absorbent resin (B). 
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This inventton relates to a method for the production of a salt-resistant absorbent resin. More particuiariy, 
ft relates to a method for the production of an absorbent resin possessing high ge! strength and improved salt- 
resistance. 

The absorbent resins have been heretofore utilized in various absorbent materials represented by dispos- 
5 able diapers, sanitary articles, water-retaining agents for sofl. and sealing materials. 

These absorbent resins are broadly divided into those of the type possessing such an electrolytic structure 
as a carboxyl group and those of the type possessing a nonionic hydrophilic segment. As the absorbent resins 
of the fomier type, cross-Iinked acrylic acid (salt) polymer [JP-A-55-84.304(1980)3, hydrolyzed starch-acrylonlt- 
nie graft copolymer (US-A-3,661.815). neutralized starch-acrylic acid graft copolymer {US.A-4.076 663) and 
10 saponified acrylic ester-vinyl acetate copolymer (US-A-4.1 02.842). for example, have been known A^ the 
absorbent resins of the latter type, modified cross-linked polyvinyl alcohol [JP-A-54-20.093(1979)J and partially 
cross-linked polyethylene oxide [JP-A-61-1 30,324(1 986)]. for example, have been knoiWL 

The absorbent resins by nature have found utility in a wide range of industrial fields in need of them for the 
purpose of absorbing various aqueous solutions. But their absorbency varies to a large extent by the kinds of 
IS liquids to be absorbed. When they are used in disposable diapere. for example, their absorbency are varied 
by changes in salt concentration of urine and diaper qualities are consequently also varied. Thea- absorbency 
is affected by the salt concentration, so there are times when these absorbent resins find restricted utility In 
the field of agriculture and horticulture or in the application to water-repellent agents. 

The absorbent resins of the type possessing an electrolytic structure such as a carboxyl group, for example 
20 generally possess high gel strength and exhibit a very high absorbency as to deionized water. They, however 
has the problem of poor resistance to salts as evinced by their notably low absorbency exhibited to electrolytic 
solutions such as an aqueous common salt solution. 

The absorbent resins of the latter type possessing a nonionic hydrophilic segment are excellent in terms 
of salt-resistance as evinced by small decreases in their absorbency exhibited to electrolytic solutions. They 
25 however, possess weak gel strength, betray low speeds of absorption, and show only low absolute values of 
absorbency. 

As an excellent salt-resistant resin the absorbent resin incorporating therein a sulfonic acid group which 
IS a strong electrolyte [JP-A-61 -36,309(1 986) and JP-A-56-1 61.412(1981)] has been known. Though this resin 
manifests an outstanding resistance to liquids containing polyvalent ions. It is as deficient in salt-resistant ability 
30 m liquids containing monovalent ions. Moreover, this resin is expensive because it uses as a raw materia! a 
monomer possessing a sulfonic acid group. 

An object of this invention, therefore, is to provide a method for the production of a salt-resistant absorbent 
resin. 

Another object of this Invention is to provide a method for inexpensive production of an absorbent resin 
35 possessing high gel strength and yielding very slighOy to variation in absorbency due to the salt concentration 
in an aqueous solution subjected to absorption. 

The objects described above are accomplished by a method for the production of a salt-resistant absorbent 
resm, which method comprises subjecting an aqueous solution of at least one monomer component (A) selec- 
ted from the group consisting of unsaturated carboxylic acids and salts thereof to aqueous solution polymeri- 
40 zation in the presence of from 1 to 30 parts by weight, based on 100 parts by weight of the monomer component 
(A), of an absorbent resin (B). 

The salt-resistant absorbent resin obtained by the method of production according with this invention 
preeminently excels in both salt-resistance and ge! strength. In the present invention, the portion of the salt- 
resistant absorbent resin obtained by this invention which has a particle size in a specilic range may be used 
as the absorbent resin (B). When the portion of the resin having a fine range of particle sizes is used as the 
absorbent resin (B), for example, the produced salt-resistant absorbent resin has a notably decreased content 
of minute particles of not more than 149 mm in diameter and excels in economy and in various absorption 
properties as well. When this product is used in the fabrication of various absort^ent artldes such as disposable 
diaper and sanitary cotton, it precludes the otherwise inevitable dlffusron of fine dust in the ambient air and con- 
sequently enjoys the advantage of eliminating the problem of labor hygiene. By making the most of these 
characteristic features, the salt-resistant absort^enl resin obtained by this Invention can be used effectively In 
disposable diapers, sanitary articles, sealing materials for agriculture and horticulture, slip additives for propul- 
sion techniques, agents for preventing leakage of soil iaground excavation, setting agents for sludge carpet 
cushtens. and coating agents for agriculture, for example. 

The unsaturated carijoxyfic ackJs to be used in this invention include (meth)acrylic acids, crotonic acid 
itaconic acid, maiek: acid, fumaric acid, and cib-aconic acid, for example. The unsaturated cart)oxylates which 
are similariy usable include alkali metal salts, ammonium salts, and substihjted ammonium salts of the acids 
enumerated above, for example. These unsaturated carboxylic acids and salts thereof mentioned above may 
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be used either singly or in the form of a combination of two or more members. 

In order for the produced absorbent resin to acquire excellent salt-resistance, it is preferable to use acrylic 
acid and/or acrylic acid salts as an essential component of the unsaturated carboxyllc acid and/or the salts 
thereof. It Is especially preferable to use a combination of from 10 to 70 mol%, preferably from 20 to 40 mol%, 
of acrylic acid and from 90 to 30 mol%, preferably from 80 to 60 mol%. of aciylic acid salts. 

The monomer component (A), when necessary, may incorporate therein another unsaturated monomer in 
addition to the aforementioned unsaturated carboxyllc acid and/or salt thereof. 

The other unsaturated monomers which are usable for this additional use in the monomer component (A) 
include unsaturated sulfonic acids such as 2-(meth)acrylamide-2-methylpropane sulfonic acids, vinyl sulfonic 
acid, (meth)allyl sulfonic acid,styrene sulfonic acid, sulfoethyl(meth}acryfates,sulfopropyl{meth}acrylates, and 
vinyl toluene sulfonic acid and salts thereof; unsaturated amine compounds such as N,N-dimethylami- 
noethyl(meth)acrylates and N,N-dlethylaminoethyl{meth)acrylates and quaternary salts thereof; (meth)acrylic 
esters such as hydroxyethyl(meth)acryIates, methoxyethyI(meth)acrylates, hydroxypropy!(meth)acrylates, 
polyethylene glycol mono(meth)acrylates, polypropylene glycol mono(meth)acryiates. methoxypolyethylene 
glycol mono(meth)acrylates, methoxypolypropylene glycol mono(meth}acrylates, methyl (meth)acrytates, and 
ethyl (meth)acrylates; unsaturated amides such as <meth)acrylamides, N-hexyl(meth)acryIamldes, N-methy- 
lol(meth)acrylamldes. and N,N-dimethyl(meth)acrylamides; styrenes and derivatives thereof such as styrene. 
aHTiethyl styrene, o-methyl styrene. and p-methyl styrene; and (meth)acrylonitriles. and vinyl acetate, for 
example. One member or a combination of two or more members selected from the group enumerated above 
may be used in an amount of less than 50% by weight, preferably less then 40% by weight, in the monomer 
component (A), 

The absorbent resin (B) to be used in this invention has no particular restrict'on except for the sole require- 
ment that it should be a water-insoluble resin capable of fonming a hydrated gel on absorption of water. The 
absorbent resins which fulfill this requirement include cross-linked carboxymethyl cellulose, modified cross-lin- 
ked polyvinyl alcohol, cross-linked isobutylene-maleic anhydride copolymer, saponified cross-linked acrylk: es- 
ter-vinyl acetate copolymers, partially cross-linked polyethylene oxide, hydrolyzed cross-linked 
starch-acrylonitrile graft copolymer, neutralized starch -acrylic acid graft copolymer, and cross-linked partially 
neutralized (meth)acrylic acid polymers, for example. 

Among other absorbent resins cited above, the cross-linked partially neutralized (meth)acryllc acid polym- 
ers prove to be particularly preferable. For example, the absorbent resins possessing capacities for absorption 
ranging from 100 to 1,000 times the original volume which are disclosed in JP-A-56-93,716(1981), EP-B- 
0036463, JP.A-56-147,806(1981). US-A-4,552,938, EP-B-0083022, US-A-4, 093.773. US-A-4, 155.893, JP-B- 
53-46.200(1979), and US-A-4, 04 1,228 are favorably usable as the absorbent resin <B) in this inventton. 
Particularly for the purpose of enabling the absorbent resin (B) to swell by unlfomrify absorbing the monomer 
component, assume an IPN structure, induce grafting efficiently, and ensure production of an excellent salt- 
resistant absorbent resin, this absorbent resin (B) is preferable to be in the form of powder having a water con- 
tent in the range of from 0.1 to 10% by weight. For the purpose of quickly inducing the absorption of the monomer 
component (A), the absorbent resin (B) is preferable to be such that 90 to 100% by weight thereof possesses 
particle diameters falling in the range of from 1 to 149 pm, preferably from 1 to 74 jim. 

The absorbent resin (B) may be identical or not identical in composition with the monomer component (A). 
When the physical properties of the finally produced absorbent resin demand a due consideration and the pro- 
duction requires the operation of this invention to be repeated, they are preferable to be identical in composition. 
The method of polymerization to be employed for the production of the absorbent resin (B) may be in the form 
of aqueous solution polymerization or in other form of polymerization. When the possibility of the operation of 
this method being repeated is taken into consideration, the polymerization is preferable to be effected in the 
forni of aqueous solution polymerization. The aforementioned polymer of an unsaturated carboxylic acid may 
be what has been obtained by having 0.3 to 0.9 equivalent weight, preferably 0.6 to 0.8 equivalent weight, of 
the carboxylic group thereof neutralized. The absorbent resin (B) of this kind may be the portion of the absorbent 
resin obtained by the conventional method which possesses a specific range of particle size. It may be obtained 
by further pulverizing a commercially available absorbent resin by the use of a pulverizing device well known 
to persons of ordinary skill in the art Alternatively, from the salt-resistant absorbent resin produced by the 
aqueous solution polymerization in accordance with the method of this invention and then finished by the steps 
of drying and classification, the portion of resin (C) having the same range of particle size as the absorbent 
resin (B) may be used as the absorbent resin (B) in the next batch of production of the salt-resistant absorbent 
resin. Further, the absorbent resin (B) may be one which is treated for increasing cross-linking density at a sur- 
face region. 

To produce the absorbent resin excelling particulariy in salt-resistance in a high yield, the amount of the 
absorbent resin (B) to be used is in the range of from 1 to 30 parts by weight, preferably from 5 to 20 parts by 
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weight based on 1 00 parts by weight of the monomer component (A). If this amount exceeds 30 parts by weight, 
the sail-resistant absorbent resin possessing a high absorbency as desired is not obtained because the absor- 
bent resin (B) is not uniformly dispersed in the monomer component (A) to induce thorough swelling and is con- 
sequently suffered to separate in the form of deposit. Conversely, If this amount is less than 1 part by weight, 
the produced absorbent resin fails to manifest the salt-resistance aimed at by this invention. Further, addifion 
of the absorbent resin (B) into the monomer component (A) is usually canried out until polymerization of the 
monomer component (A) starts, but the absorbent resin (B) may be added during the system has still flowability 
after starting the polymerization. 

In accordance with the method of this invention, the production of the salt-resistant absorbent resin Is 
attained simply by subjecting the monomer component (A) to aqueous solution polymerization in the presence 
of the absorbent resin (B) without the use of a cross-linking agent presumably because the monomer compo- 
nent (A) polymerizes with the absort^ent resin (B) while assuming a graft or IPN stmclure. To obtain the absor- 
bent resin with still higher gel strength, the monomer component (A) is preferable to have a cross-linking agent 
incorporated therein in advance of the polymerization. 

The cross-linking agents which are effectively usable for this Invention in the present invention include com- 
pounds possessing at least two ethylenically unsaturated groups in the molecular unit such as ethylene glycol 
dr(meth)acrylates, diethylene glycol di(meth)acrylates. triethyiene glycol di(meth)acrylates, propylene glycol di- 
(meth)acrylates, polyethylene glycol di(meth)acrylates, trimethylol propane tri(meth)acrylates. pentaerythritol 
tri(meth)aciylates, pentaerythritol di{meth)acrylates. N,N'-methyIenebis(meth)acrylamides, trialiyi isocyanu- 
rate. and trimethylol propane di(meth)allyl ethers; polyhydric alcohols such as ethylene glycol, diethylene glycol, 
triethyiene glycol, polyethylene glycol, glycerol, polyglycerol. propylene glycol, diethanol amine, triethanol 
amine, polypropylene glycol, polyvinyl alcohol, pentaerythritol, sorbitol, sorbitan. glucose, mannitol, monnitan. 
sucrose, and glucose; polyglycidyl ethers such as ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl 
ether, and glycerol triglycidyl ether; haloepoxy compounds such as epichlorohydrin and a-methylchlorohydrin; 
polyaldehydes such as glutalaldehyde and glyoxal; polyamines such as ethylene diamine; hydroxides, halides. 
carbonates, oxides, borax and other borates of metals of Groups 2A. 3B. and 8 in the Periodic Table of Elements 
such as calcium hydroxide, calcium chloride, calcium cart)onate. calcium oxide, magnesium chloroborax. mag- 
nesium oxide, aluminum chloride, zinc chloride, and nickel chloride; and polyvalent metal compounds such as 
polyvalent metal alcoholates represented by aluminum isopnopylate, for example. One member or a combi- 
nation of two or more members to be selected in due consideration of the reactivity from the group of cross- 
linking agents enumerated above may be used. It is most preferable to use, among other compounds mentioned 
above, a compound possessing at least two ethylenically unsaturated groups in the molecular unit thereof as 
the cross-linking agent 

For the cross-linking agent to manifest its necessary and sufHcient effect, it is preferable to be used in an 
amount of from 0.001 to 0.1 mol%, preferably 0.01 to 0.05 mol%, based on the amount of the monomer com- 
ponent (A). It should be noted that when this amount exceeds 0.1 mol%. the excess of the cross-linking agent 
has the possibility of compelling the produced resin to suffer from a lowered absorbency. 

For this invention, the adoption of aqueous solution polymerization as the manner of polymerization forms 
an indispensable requirement. If the polymerization contemplated by this invention is perf^ormed by other 
methods such as. for example, reversed-phase suspension polymerization, spray polymerization, and precipi- 
tab'on polymerization, the absorbent resin (B) cannot be stably dispersed and unifonnly lodged In the monomer 
component (A). Thus, the effect of salt-resistance aimed at by the present invention cannot be attained. 

The aqueous solution polymerization, for the purpose of enabling the absorbent resin (B) to be uniformly 
dispersed in the monomer component <A) and consequently causing the graft reaction to proceed efficiently, 
is preferable to be can^ied out in a stirred state. Thus, the polymerization is preferable to be earned out In a 
reaction vessel provided with a rotary stinring shaft. More desirably, the polymerization is can^ied out in a reao- 
tion vessel provided with a plural ity of rotary stinging shaftisso that the gel mass fomied in consequence of polym- 
erization is finely divided while the polymerization is in progress. As disclosed in JP-A-57-34,101, 
US-A-4.625.001. and EP 0343.919. it is most preferable to use a kneader as the reactfon vessel provided with 
a plurality of rotary stirring shafts. 

For the inibation of this polymerization, the method using a radical polymerization catalyst and the method 
resorting to irradladon of an activated energy ray are available, for example. The radical polymerization catal- 
ysts which are effectively usable herein include peroxides such as hydrogen peroxide and benzoyl peroxide; 
azo compounds such as 2,2'-azobis-2-arriidinopropane dihydrochloride and azoblsisobutylonitrile; radical 
generating agents such as persulfates represented by ammonium persulfate, potassium persulfate. and sodium 
persulfate; and redox type initiators resulting from combination of such radical generating agents as described 
above with such reducing agents as sodium hydrogen sulfite, L-ascorbic acid, and ferrous salts, for example. 
The amount of the radical polymerization catalyst to be used is in the range of from 0.01 to 0.5 % by weight! 
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preferably from 0.05 to 0.3 % by weight, based on the amount of the monomer component (A). For the aqueous 
solution polymerization, it is desirable to use water alone as the polymerization medium. This water, when 
necessary, may incorporate therein such a hydrophilic organic solvent as methanol, ethanol, acetone, dimethyl 

fonmaldehyde, or dimethyl sulfoxide. 

Though the concentration of the monomer component (A) in the aqueous solution polymerization system 
is not partlculariy restricted but may be selected from a wide range, the ratio of the monomer component (A) 

to the water is preferable to fall in the range of 1 : 9 to 7 : 3 (by weight), especially 3:7 to 5:5 in due consideration 

of the ease of control of the polymerization reaction and the yield of the reaction. 

The term "salt-resistance" as used in this invention means that the degree of change In the absorbency 

as to the salt concentration of the aqueous solution subjected to absorption Is small. Hence, the salt-resistance 

is defined to be the quotient of the absorbency of physiological saline solution/the absorbency of deionized 

water. 

When the absorbent resin possessing improved salt-resistance Is used as the absorbent in such a sanitary 
article as disposable diaper, for example, it hardly yields to the influence of the salt concentration in urine, 
retains a stable absorbency. and excels in the abHity to absorb body fluid. When It is used in a sealing material 
to repel seawater. it enjoys the advantage that the sealing effect of the nnaterial Is affected less easBy by the 
salt concentration. 

Now, the present invention will be described more specifically below with reference to worthing examples. 
It should be noted that the scope of this invention is not limited in any sense by these working examples. 

The absorbency and the gel strength of a given salt-resistant absorbent resin were determined by the fol- 
lowing methods. 

(1) Absorbency of deionized water; About 0.05 g of a sample salt-resistant absorbent resin was uniformly 
placed in a teabag-IIke pouch of non-woven fabric (40 mm x 150 mm), immersed in a large excess of deionized 
water for 30 minutes, removed from the deionized water and left draining on a paper, and weighed to find the 
amount of deionized water absorbed thereby. An empty teabag-like pouch itself was caused to absorb the 
deionized water by following the same procedure and the weight of the wet pouch was found as a blank. Absor- 
bency of deionized water was calculated in accordance with the following formula. 

Absorbency of deionized water (g/g) = (Weight after absorption, g - Blank. g)/(We^ht of salt-resistant 
absoibent resin, g) 

(2) Absorbency of phys'iological saline solution: About 0.2 g of a sample salt-resistant absorbent resin was 
unifonnly placed in a tea bag-tike pouch of non-woven fabric (40 mm x 150 mm), immeised in a large excess 
of physiological saline solution (0.9 weight% NaCI) for 30 minutes, removed firom the solution and left draining 
on a paper, and weighed to find the amount of the solution absorbed thereby. An empty teabag-like pouch Itself 
was caused to absorb the physiological saline solution by following the same procedure and the weight of the 
wet pouch was found as a blank. Absorbency of physiological saline solution was calculated in accordance 
with the following formula. 

Absorbency of physiological saline solution (g/g) = (Weight after absorption, g - Blank, g)/(Weight of salt- 
resistant absorbent resin, g) 

The salt-resistance was expressed by the quotient, (Absorbency of physiological saline solutlon)/(Absor- 
bency of deionized water). 

(3) Gel strength: A gh^en sample in the fonm of swelled hydrogel was tested for gel strength by the use of 
a stress rheometer provided with a dice 2.5 cm in radius under the conditions of 0.1 cm in sample thickness 
and 1.0 Hz In frequency of vibration. The modulus of shear elasticity thus found of the swelled hydrogel was 
reported as the gel strength. The swelled hydrogel was obtained by allowing a given salt-resistant absorbent 
resin to be swelled with synthetic urine (comprising 1.9% by weight of urea, 0.8% by weight of NaCI, 0.1% by 
weight of CaCl2, and 0.1% by weight of MgS04) for one hour and then deprived of excess synthetic urine with 
filter paper. 

Example 1 

In a jacketed stainless steel twin-anm kneader having an inner volume of 10 liters and provided with two 
Sigma type vanes 120 mm in radius of rotation, 4,400 g of an aqueous solution of a monomer component (A) 
(monomer component concentrstion 37% by weight) comprising of 75 mol% of sodium acrylate and 25 mol% 
of acrylic acid and 2.72 g (0.05 mol% based on monomer component (A)) of trimethylol propane triacrylate as 
a cross-linking agent were placed and nitrogen gas was blown in to displace the gas entrapped in the reaction 
system. Then, the monomer component (A) and the cross-linking agent were stinred by the rotation of the two 
Sigma type vanes and, at the same time, 162 g (10% by weight based on the amount of monomer component 
(A)) of an absorbent resin (B) having particle diameters of from 1 to 149 pm and resulting from pulverizing an 
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absorbent resin (produced by Nippon Shokubai Kagaku Kogyo Co.. Ltd. and marketed under trademark desi- 
gnation of "Aqualic CA") with a hammer mill and passing the resultant powder was added to the stin^ed mixture. 
The reaction system was heated by passing hotwateratSO'C through the jacket and 1.10g of sodium persulfate 
and 1.10 g of sodium hydrogen sulfite were added as initiators to the heated reaction system. The polymeri- 
zation reaction was initiated and further continued for 60 minutes. The gel polymer consequently obtained was 
in the form of finely divided particles about 3 mm in diameter. On a metallic gauze, the gel polymer was dried 
with hot air at a temperature of ISO^C for two hours. The dried polymer was pulverized with a hammer mill, to 
obtain a salt-resistant absorbent resin. The properties of the salt-resistant absorbent resin are shown in Table 



Example 2 

A salt-resistant absorbent resin was obtained by following the procedure of Example 1, except that the 
amount of the absorbent resin (B) was changed to 407 g (25% by weight based on the monomer component 
(A)). The properties of the salt-resistant absorbent resin are shown in Table 1. 

Example 3 

A salt-resistant absorbent resin was obtained by following the procedure of Example 2, except that the use 
of the cross^inking agent was omitted. The properties of the salt-resistant absorbent resin are shown in Table 



Example 4 

In the same twin arm kneader as used in Example 1, 2.490 g of an aqueous solution of a monomer com- 
ponent (A) (monomer component concentration 40% by weight) comprising of 1 08 g of acrylic acid. 2B2 g of 
sodium acrylate. and 606 g of sodium sulfoethyl acrylate and 0.888 g (0.04 mol% based on monomer compo- 
nent (A)) of trimethylol propane triacrylate as a cross-linking agent were placed and nitrogen gas was blown 
in to displace the gas entrapped in the reaction system with nitrogen. Then, the monomer component and the 
cross-linking agent were stin-ed by the rotation of the two sigma type vanes and 97 g (10% by weight based 
on the monomer component (A) ) of the same absorbent resin (B) as used in Example 1 was added to the stirred 
mixture. The reaction system was heated by passing hot water at 30«C through the jacket and 0.9 g of 
ammonium persulfate and 0.038 g of L-ascorbic acid were added as polymerization initiator to the heated reac- 
tion system. The polymerization reaction which was consequenUy initiated and further continued for 90 minutes. 
The gel polymer thus obtained was in the form of finely divided particles about 3 mm in diameter. The resultant 
gel polymer was dried with hot air at a temperahjre of 150«C for two hours. The dried polymer was pulverized 
with a hammer mill, to obtain a salt-resistant absorbent resin. The properties of this salt-resistant absorbent 
resin are shown in Table 1. 

Example 5 

A salt-resistant absorbent resin was obtained by following the procedure of Example 4, except that the use 
of the cross-linking agent was omitted. The properties of the salt-resistant absorbent resin are shown in Table 



Example 6 

A salt-resistant absorbent resin was obtained by following the procedure of Example 4, except that the 
amount of the absorbent resin (B) was changed to 49.8 g (5% by weight based on the monomer component 
(A) ). The properties of the salt-resistant absorbent resin are shown in Table 1. 

Example 7 

A salt-resistant absorbent resin was obtained by following the procedure of Example 1. except that the 
absorbent resin (B) was a powder passed through a metallic gauze of 20 mesh and possessed of part id e diame- 
ters of from 1 to 840 jim. The properties of this salt-resistant absorbent resin are shown in Table 1. 
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Control 1 

A resin for comparison was obtained by following the procedure of Example 1, except that the amount of 
the absorbent resin (B) was changed to 3,256 g (50% by weight based on the monomer component (A)). The 
properties of this resin for comparison are shown in Table 1. 

Control 2 

A resin for comparison was obtained by following the procedure of Example 1, except that the use of the 
absorbent resin (B) was omitted. The properties of the resin for comparison are shown in Table 1. 

Control 3 

A resin for comparison was obtained by following the procedure of Example 1, except that the amount of 
the cross-linking agent was changed to 27.2 g (0.5 mol% based on the monomer component (A)) and the use 
of the absorbent resin (B) was omitted. The properties of this resin for comparison are shown in Table 1. 

Control 4 

In an atmosphere of nitrogen, 20 parts of polyethylene oxide resin thoroughly dehydrated by the vacuum 
drying method and possessing an average molecular weight of 100.000 and 0.05 part of triethylene diamine 
were thoroughly dissolved in 280 parts of acetonitrile at temperatures of from 30*'C to 40°C. Then, the resultant 
solution and 0.2 part of 1,4-phenylene diisocyanate added thereto were left reacting at TO^C for five hours, to 
obtain a homogeneous resin solution insoluble in water. The reaction product was cast in a petri dish of glass, 
vacuum dried at 40*'C, and then pulverized, to obtain a resin for comparison. The properties of the resin for 
comparison are shown in Table 1. 

Control 5 

A resin for comparison was obtained by following the procedure of Example 3, except that the use of the 
absorbent resin (B) was omitted. The properties of the resin for comparison are shown in Tat)le 1. 

Control 6 

A four-necked separable flask having an inner volume of 2 liters and provided with a stirrer, a reflux con- 
denser, a thermometer, a nitrogen gas inlet tube, and a dropping funnel, 1.0 liter of cyclohexane was placed, 
3.0 g of sorbitan monostearate as a dispersant was added thereto and dissolved therein, and nitrogen gas was 
blown in to expel the dissolved oxygen. 

Separately, 84.6 g of sodium acrylate, 21 .6 g of acrylic acid, and 0.0925 g (0.05 mol% based on the mono- 
mer component (A) ) of N.N'-methylenebisacrylamide as a cross-linking agent were dissolved In 197 g of 
deionized water. The resultant aqueous solution and 10.6 g (10% by weight based on the monomer component 
(A) ) of the same absorbent resin (B) as used in Example 1 added thereto were combined. 

In this aqueous solution of the monomer component. 0.15 g of potassium persulfete was dissolved and 
then nitrogen gas was brown in to expel the dissolved oxygen therefrom. 

Then, the aqueous solution of the monomer component prepared in the flask was transferred to the 
aforementioned separable flask and stirred to be dispersed. Thereafter, the bath temperature was elevated to 
65°C to Initiate polymerization reaction of the aqueous solution and held at this temperature for two hours to 
complete the polymerization. The hydrogei obtained in consequence of the polymerization was distilled to expel 
the contained water and cyclohexane through azeotropic dehydration. This polymer was filtered to obtain a 
resin for comparison. 
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Claims 

1. A method for the production of a salt-res islant absorbent resin, which comprises subjecting an aqueous 
45 solution of at least one monomer component (A) selected from the group consisting of unsaturated car- 

boxylic acids and salts thereof to aqueous solution polymerization in the presence of from 1 to 30 parts by 
weight, based on 100 parts by weight of said monomer component (A), of an absorbent resin (B). 

2. A method according to claim 1. wherein said aqueous solution polymerization is earned out with the reac- 
50 tants kept in a stinred state. 

3. A method according to claim 2, wherein said aqueous solution polymerization is carried out In a stirred state 
within a reaction vessel provided with a plurality of rotary stining shafts. 

55 4. A method according to claim 3, wherein said reaction vessel provided with a plurality of rotary stirring shafts 
Is a kneader. 

5. A method according to claim 1, wherein a cross-linking agent Is used in an amount of from 0.001 to 0.1 
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moI% based on the amount of said monomer component (A). 

6. A method according to claim 1 , wherein said aqueous solution polymerization is carried out in the presence 
of from 5 to 20 parts by weight of said absorbent resin (B), based on 100 parts by weight of said monomer 
component (A). 

7. A method according to claim 1, wherein the water content of said absorbent resin (B) Is in the range of 
from 0.1 to 10% by weight 

8. A method according to cla im 1, wherein 90 to 100% by weight of said absorbent resin (B) has particle diame- 
ters of from 1 to 149 um. 

9. A method according to claim 1 . wherein said absorbs it resin (B) has been produced by aqueous solution 
polymerization. 

10. A method according to claim 1, wherein said absorbent resin (B) has been obtained by polymerizing said 
monomer component (A). 

11. A method according to claim 1, wherein said monomer component (A) Is at least one member selected 
from the group consisting of (meth)acr^ic acids, crotonic acid. Itaconic acid, maleic acid, fumaric acid, dt- 
raconic acid, and salts thereof. 

12. A method according to claim 1, wherein said monomer component (A) is at least one member selected 
from the group consisting of acrylic acid and salts thereof. 

13. A method according to claim 12, wherein said monomer component comprises 10 to 70 mol% of acrylic 
acid and 90 to 30 mol% of acrylic acid salts. 

14. A method according to claim 13, wherein a cross-linking agent is contained in an amount of from 0.001 to 
0.1 mol% based on the amount of said monomer component (A). 

15. A method according to claim 1 , wherein said absorbent resin (B) is a cross-linked partially neutralized aoy- 
late polymer. 

16. A method according to claim 1 , wherein said absorbent resin (B) has been obtained by subjecting the mono- 
mer component (A) recited in claim 14 to aqueous solution polymerization. 

17. A method according to claim 15, wherein said absorbent resin (B) Is a cross-linked polymer of a monomer 
component containing 0.001 to 0.1 mol% of a cross-linking agent and neutralizing from 0.3 to 0.9 equivalent 
weight of the carboxyl group of an acrylic acid. 

18. A method according to claim 1 , wherein said hydrated absorbent resin resulting from said aqueous solution 
polymerization is dried and then classified to be deprived of an absorbent resin (C) possessing the same 
range of particle size as said absorbent resin (B). 
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